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VEHICLE STEERING APPARATUS 



INCORPORATION BY REFERENCE 
[0001] The disclosure of Japanese Patent Application No. 2002-22 1 65 1 

filed on July 30, 2002, including the specification, drawings and abstract is 

incorporated herein by reference in its entirety. 
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BACKGROUND OF THE INVENTION 
1 . Field of the Invention 

[0002] The invention relates to a vehicle steering apparatus with a lock 
mechanism. 

10 2. Description of the Related Art 

[0003] A vehicle steering apparatus with a lock mechanism is known, 
which includes a variable gear ratio mechanism that changes a turning amount £f a 
turning wheel with respect to a steering amount of a steering wheel, and is provided 
on a steering shaft connected to a steering wheel; and a lock mechanism which 

15 restricts relative rotation of an input shaft and an output shaft of the variable gear ratio 
mechanism. An example of such a vehicle steering apparatus with a lock mechanism 
is disclosed in Japanese Patent Laid-Open Publication No. 2001-48032. The lock 
mechanism includes a lock holder which is provided on a rotor side of a motor 
mounted in the variable gear ratio mechanism; and a lock arm which is provided on a 

20 stator side of the motor. The lock mechanism is engaged by engaging the lock arm 
with a indented portion formed in a peripheral surface of the lock holder. 

[0004] In this apparatus, if an opening width of the indented portion of the 
lock holder is small, there is a possibility that the lock mechanism cannot be engaged. 
For example, in the case where the lock mechanism is to be engaged when the motor 

25 is rotating, if the indented portion is not at a position at which the lock arm is 
engaged, the lock mechanism is not engaged appropriately. 

[0005] In order to solve the problem, it is conceivable to make the opening 
width of the indented portion large. However, if the indented portion is made wide, 
there is large play between the lock arm and the lock holder when the lock mechanism 

30 is engaged. As a result, it is not possible to detect a positional relation between the 
lock holder and the lock arm accurately, and accordingly, it is not possible to control 
steering appropriately. For example, in the case where the lock mechanism is 
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engaged while a vehicle is stopped, and then the lock mechanism is disengaged so as 
to start the vehicle, the rotational position of the rotating shaft of the motor at the time 
of vehicle start may be displaced from the rotational position thereof at the time of 
vehicle stop. In such a case, there is a possibility that the rotational position of the 
5 rotating shaft cannot be determined, which makes it difficult to control steering 
appropriately. 

SUMMARY OF THE INVENTION 
[0006] It is an object of the invention to provide a vehicle steering 

10 apparatus which can control steering appropriately. 

[0007] A first aspect of the invention relates to a vehicle steering 
apparatus which includes a variable gear ratio device, a rotation detecting device, and 
a lock mechanism. The variable gear ratio device includes an input shaft connected to 
a steering wheel side and an output shaft connected to a turning wheel side, and 

15 changes a ratio between a steering angle input to the input shaft and a rotational angle 
output to the output shaft using rotation of a motor. The rotation detecting device 
repeatedly outputs, as the motor rotates, a series of a predetermined number of 
different signals, the signals differing according to the rotation of the motor, so as to 
detect a rotational position of a rotating shaft of the motor. The lock mechanism 

20 includes a lock holder which rotates together with the rotating shaft of the motor, and 
in which plural indented portions are formed at an outer periphery portion thereof, and 
an engagement member which is fitted on a stator side of the motor. The lock 
mechanism restricts relative rotation of the input shaft and the output shaft by 
inserting the engagement member in one of the indented portions. A play angle 

25 between the engagement member and the indented portion when the engagement 
member is inserted in the indented portion is smaller than a first rotational angle of 
the motor which is required for outputting all of the predetermined number of 
different signals. 

[0008] According to the vehicle steering apparatus, the play angle when 
30 the lock mechanism is engaged by inserting the engagement member in the indented 
portion is smaller than the first rotational angle of the motor which is required for 
outputting all of the predetermined number of signals. Therefore, the rotation 
detecting device can be prevented from outputting the same signal at different 
rotational positions even if the motor rotates due to the play between the engagement 
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member and the indented portion when the lock mechanism is engaged. Accordingly, 
the rotational position of the rotating shaft of the motor can be detected based on the 
output of the rotation detecting device, which makes it possible to control steering 
appropriately. 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0009] The foregoing and further objects, features and advantages of the 
invention will become apparent from the following description of preferred 
embodiments with reference to the accompanying drawings, wherein like numerals 
10 are used to represent like elements and wherein: 

[0010] FIG. 1 is a diagram showing a configuration of a vehicle steering 
apparatus according to an embodiment of the invention; 

[0011] FIG. 2 is a diagram describing a lock mechanism in the vehicle 
steering apparatus shown in FIG. 1; 
15 [0012] FIG. 3 is a diagram describing a steering angle sensor in the 

vehicle steering apparatus shown in FIG. 1 ; 

[0013] FIG. 4 is a diagram describing output patterns detected by the 
steering angle sensor in the vehicle steering apparatus shown in FIG. 1; 

[0014] FIG. 5 is an enlarged diagram of the lock mechanism shown in 

20 FIG. 2; 

[0015] FIG. 6 is a diagram describing an opening angle of a indented 
portion of a lock holder which is a modified example of the lock holder shown in FIG. 
5; 

[0016] FIG. 7 is a diagram describing an opening angle of a indented 
25 portion of the lock holder shown in FIG. 6; and 

[0017] FIG. 8 is a diagram describing an opening angle of a indented 
portion of the lock holder shown in FIG. 5. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
30 [0018] Hereinafter, embodiments of the invention will be described with 

reference to the accompanying drawings. In the description of the drawings, the same 
elements are denoted by the same reference numerals, and duplicate description 
thereof will be omitted. 
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[0019] FIG. 1 is a schematic diagram showing a configuration of a vehicle 
steering apparatus according to a first embodiment of the invention. 

[0020] As shown in FIG. 1, in a vehicle steering apparatus 1, a variable 
gear ratio mechanism 4 is provided in a steering force transmitting system which 
5 transmits a steering force of a steering wheel 2 to turning wheels 3. The variable gear 
ratio mechanism 4 changes a steering ratio between a steering angle of the steering 
wheel 2 and a turning angle of the turning wheels 3. An input shaft 5 of the variable 
gear ratio mechanism 4 is connected to the steering wheel 2. An output shaft 6 of the 
variable gear ratio mechanism 4 is connected to the turning wheels 3 via a gear device 
10 7 composed of a rack and pinion, and the like. The gear device 7 moves a tie rod 8 so 
as to turn the turning wheels 3 by receiving the rotation of the output shaft 6. 

[0021] A steering angle sensor 10 is provided on the input shaft 5. The 
steering angle sensor 10 functions as steering angle detecting means for detecting the 
steering angle of the steering wheel 2 based on a rotational state of the input shaft 5. 
15 [0022] A motor 30, a reducer 40, and a lock mechanism 50 are housed in 

the variable gear ratio mechanism 4. The motor 30 is driven by receiving a drive 
control signal from a steering controller 20. A stator 31 of the motor 30 is fitted to a 
housing 4a of the variable gear ratio mechanism 4. A rotor 32 of the motor 30 is 
connected to the output shaft 6 via the reducer 40. The reducer 40 is reducing means 
20 which reduces the rotational angle of the motor 30 input thereto so as to output a 

rotational angle to the output shaft 6. Output angle of the reducer 40 is transmitted to 
the output shaft 6. Also, a steering force is transmitted to the output shaft 6 via the 
housing 4a. As the reducer 40, for example, a planetary gear mechanism is employed. 
[0023] Also, a rotation sensor 21 is provided in the variable gear ratio 
25 mechanism 4. The rotation sensor 21 functions as rotation detecting means for 
detecting a rotational position of a rotating shaft 33 of the motor 30. 

[0024] The steering controller 20 receives detection signals from the 
steering angle sensor 10 and the rotation sensor 21. The steering controller 20 
controls the entire vehicle steering apparatus 1 . For example, the steering controller 
30 20 is composed of a CPU, ROM, RAM, an input signal circuit, an output signal 

circuit, a power source circuit, and the like. Also, the steering controller 20 receives a 
detection signal from a vehicle speed sensor 22 mounted in a vehicle. Based on the 
detection signals from the steering angle sensor 10, the vehicle speed sensor 22, and 
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the like, the steering controller 20 outputs a driving signal to the variable gear ratio 
mechanism 4 so as to adjust the steering ratio, thereby controlling steering. 

[0025] FIG. 2 is a cross sectional view of the lock mechanism 50. 
[0026] The lock mechanism 50 shown in FIG. 2 restricts relative rotation 
5 of the input shaft 5 and the output shaft 6 of the variable gear ratio mechanism 4. The 
lock mechanism 50 includes a lock holder 51 and a lock arm 52, as shown in FIG. 2. 
The lock holder 51 is fitted on the rotor 32 side of the motor 30. 

[0027] For example, the lock holder 5 1 is fitted on the rotating shaft 33 of 
the motor 30, and rotates due to the rotation of the rotor 32. It is preferable not to 

10 completely fix the lock holder 51 on the rotating shaft 33 so that the lock holder 51 
can rotate with respect to the rotating shaft 33 when torque that is equal to or larger 
than a predetermined value is applied to the lock holder 51. When the lock holder 51 
is fitted on the rotating shaft 33 in this manner, the portion where the lock holder 51 is 
fixed to the rotating shaft 33 can function as a torque limitter, and the lock holder 51, 

15 the lock arm 52, and other components can be prevented from being damaged even if 
torque that is equal to or larger than a predetermined value is applied to the lock 
holder 51 when the lock mechanism is engaged. 

[0028] The outer periphery of the lock holder 5 1 is formed by a plurality 
of indented portions 51a and protruding portions 51b-l to 51b-4 (four each in this 

20 exemplary embodiment). The four indented portions 51a are formed all having the 
same shape (width and depth) and equidistant from one another. The four protruding 
portions 51b-l to 51b-4, which protrude from the indented portions 51a are also all 
formed having the same shape (width and height) and equidistant from each other. 

[0029] The lock arm 52, which is an engagement member, is configured 

25 so as to be capable of moving close to, and moving away from the lock holder 5 1 . 

Since the lock arm 52 can move close to the lock holder 51, the lock arm 52 can be 
engaged with one of the indented portions 5 la of the lock holder 51 . The lock arm 52 
is fitted on the stator 31 side of the motor 30. In this embodiment, the lock arm 52 is 
fitted to the housing 4a where the stator 31 is fitted. 

30 [0030] A hook-shaped engaging portion 52a is formed at a tip of the lock 

arm 52. A pin 52b is provided at an intermediate position in the lock arm 52. The 
lock arm can pivot about the pin 52b. Also, a solenoid 52c is fitted to the lock arm 52 
at a base end on a side opposite to the engaging portion 52a. When the solenoid 52c 
is operated, the base end of the lock arm 52 is moved such that the lock arm 52 is 
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pivoted. Thus, the engaging portion 52a is inserted in one of the indented portions 
51a such that lock arm 52 is engaged with the lock holder 51, which brings the lock 
mechanism 50 into an engaged state. 

[0031] FIG. 3 is a schematic diagram showing a configuration of the 
5 rotation sensor 21. 

[0032] As shown in FIG. 3, the rotation sensor 21 includes a rotor portion 
25 which integrally rotates with the rotating shaft 33 of the motor 30, and a detecting 
portion 26 which is provided along an outer periphery of the rotor portion 25. The 
rotor portion 25 has a ring shape, and is fitted around the rotating shaft 33 so as to 

10 integrally rotate with the rotating shaft 33. For example, magnets may be arranged 
such that eight magnetic poles 25a of the magnets are provided in the circumferential 
direction in the rotor portion 25. The rotor portion 25 of the rotation sensor 21 and 
the lock holder 51 of the lock mechanism 50 integrally rotate via the rotating shaft 33, 
and normally do not rotate with respect to each other. 

15 [0033] The magnetic poles 25a are provided such that different magnetic 

fields, for example, magnetic fields in different directions, are alternately created 
toward the detecting portion 26 when the rotor portion 25 rotates. Thus, when the 
rotor portion 25 rotates together with the rotating shaft 33, the magnetic fields around 
the detecting portion 26 change. If eight magnetic poles 25a constitute the rotor 

20 portion 25, the cycle of change in the magnetic fields is the rotation angle 90 degrees. 

[0034] The detecting portion 26 detects the rotational position of the 
rotating shaft 33 based on the change in the magnetic fields. For example, the 
detecting portion includes three magnetic sensors 26a to 26c. The magnetic sensors 
26a to 26c are provided in the circumferential direction of the rotor portion 25. Each 

25 of the magnetic sensors 26a to 26c is connected to the steering controller 20 (refer to 
FIG. 1). The magnetic sensors 26a to 26c are arranged along the periphery of the 
rotor portion 1 1 such that the interval between the centers of adjacent magnetic 
sensors (e.g., 26a, 26b) is equivalent to one third of an outer periphery portion of one 
magnetic pole 25a. 

30 [0035] Therefore, the rotor portion 25 rotates by an angle equivalent to a 

third of the width of the magnetic pole 25a, an output of the detecting portion 26 
changes. Accordingly, each time the rotating shaft 33 rotates by 15 degrees (i.e., 
360/(8x3) degrees), the output of the detecting portion 26 changes, which makes it 
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possible for the rotation sensor 21 to detect the rotational angle (the rotational 
position) of the rotating shaft 33 with a resolution of 15 degrees. 

[0036] FIG. 4 is a diagram specifically showing detection signals of the 
rotation sensor 21. 

5 [0037] As shown in FIG. 4, the rotation sensor 21 sequentially outputs the 

detection signals in a predetermined number of different output patterns, for example, 
six different output patterns in a repeated manner. In FIG. 3, when one magnetic pole 
25a faces all of the magnetic sensors 26a to 26c, all of the outputs from the magnetic 
sensors 26a to 26c are the same, for example, HIGH (an output pattern 1 in FIG. 4). 
10 When the rotor portion 25 rotates in a clockwise direction, an adjacent magnetic pole 
25a moves near to the sensor 26a. Therefore, only the output of the sensor 26a 
becomes LOW (an output pattern 2). When the rotor portion 25 rotates further, the 
outputs from the sensor 26b and the sensor 26c sequentially become LOW (an output 
pattern 3). 

15 [0038] When the rotor portion 25 rotates further, the outputs from the 

magnetic sensors 26a to 26c change, and the output pattern of the detecting portion 26 
changes to an output pattern 5, and then to an output pattern 6 in FIG. 4. When the 
rotor portion 25 rotates further, the output pattern of the detecting portion 26 returns 
to the output pattern 1, and then, changes to the output patterns 2, 3 and the like in a 

20 sequential manner. 

[0039] The cycle in which the output pattern changes from the output 
pattern 1 to the output pattern 6 depends on a state where the magnetic poles 25a of 
the rotor portion 25 are provided. When two magnetic poles 25a, i.e., a south pole 
and a north pole are arranged such that together they occupy a region of the 

25 circumference of the rotor portion 25 which corresponds to 90 degrees of that entire 
circumference, as shown in FIG. 3, the change in the output pattern of the detecting 
portion 26 is one cycle for every 90 degrees of rotation of the rotor portion 25. That 
is, the detecting portion 26 outputs the series of the predetermined number of different 
signals a plurality of times while the motor 30 rotates 360 degrees. In this 

30 embodiment, the detecting portion 26 outputs the output pattern 1 to the output pattern 
6 four times while the motor 30 rotates 360 degrees. 

[0040] Next, fitting of the lock mechanism 50 will be described. 
[0041] As shown in FIG. 2, the lock mechanism 50 is fitted with the lock 
arm 52 being inserted in one of the indented portions 51a of the lock holder 51 . After 
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fitted, the data with respect to the positional relation between the lock holder 51 and 
the lock arm 52 is initialized, and it is determined which of the protruding portions, 
from among the protruding portions 51b-l, 51b-2, 51b-3 and 51b-4, the lock arm 52 is 
positioned between, or which of the four indented portions 51a the lock arm 52 is 
5 placed in. The steering controller 20 stores determined position of the lock arm 52. 

[0042] After the initialization, the rotation sensor 21 constantly monitors 
the rotational position of the rotating shaft 33 during control. For example, the 
steering controller 20 stores the rotational angle by which the rotating shaft 33 rotates 
in the clockwise direction or in the counterclockwise direction. Thus, when the lock 

10 arm 52 enters one of the indented portions 51a, it can be detected which of the four 
indented portions 51a the lock arm 52 is placed in. 

[0043] As described above, it is determined which of the four indented 
portions 51a the lock arm 52 is placed in when the control starts. In addition, it is 
determined which of the four indented portions 51a the lock arm 52 is placed in based 

15 on the sensor signal when the control finishes. Therefore, the rotational position of 
the rotating shaft 33 when the control is restarted can be determined. Thus, control 
continuity and accuracy of the vehicle steering apparatus can be maintained at a high 
level. 

[0044] For example, the lock arm 52 may be placed at a position 
20 corresponding to the output pattern 3 of the detecting portion 26 between the 

protruding portions 51b-l, 51b-2 when the control finishes as shown in FIG. 5 (an 
enlarged diagram of the lock mechanism 50), and the output pattern of the detecting 
portion 26 may be the output pattern 5 when the control starts. In such a case, since 
the lock arm 52 does not move beyond the protruding portions 51b-l, 51b-2, it can be 
25 determined that the lock arm 52 is placed at a position corresponding to the output 
pattern 5 between the protruding portions 51b-l, 51b-2 when the control starts. 

[0045] When the control finishes, it can be determined when the engaging 
portion 52a of the lock arm 52 is to be moved into the indented portion 51a after the 
protruding portion passes by the engaging portion 52a, by determining beforehand the 
30 time required for moving the engaging portion 52a disengaged from the indented 

portion 51a into the indented portion 51a. In other words, the engaging portion 52a 
can be prevented from being moved onto the protruding portion, and can be moved 
into the indented portion 51a. Therefore, it can be determined which of the four 
indented portions 51a the lock arm 52 is placed in when the control finishes. For 
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example, in the case where the motor 30 rotates in the clockwise direction, and the 
lock arm 52 is pivoted so as to move into the indented portion 51a when a 
predetermined time has elapsed after the protruding portion 51b-2 passes by the 
engaging portion 52a, or when the output pattern becomes the output pattern 5, 4 or 3 
5 after the protruding portion 5 lb-2 passes by the engaging portion 52a, it can be 

determined that the lock arm 52 is placed between the protruding portions 51b-l, 51b- 
2. 

[0046] As shown in FIG. 5, the opening width, in the circumeferential 
direction, of the indented portion 51a of the lock holder 51 is formed so as to be larger 

10 than the width of each of the protruding portions 51b-l to 51b-4. Preferably, the 

opening width of the indented portion 51a is formed so as to be equal to or larger than 
twice the width of each of the protruding portions 51b-l to 51b-4. The opening width 
of the indented portion 51a is formed so as to be larger than the width of the engaging 
portion 52a of the lock arm 52. Thus, the engaging portion 52a of the lock arm 52 is 

15 easily inserted in the indented portion 51a. Even when the steering wheel is operated, 
the lock arm 52 can be reliably engaged with the lock holder 51 such that the lock 
mechanism 50 is engaged. 

[0047] Also, a play angle 0 1 between the lock arm 52 and the indented 
portion 51a when the engaging portion 52a of the lock arm 52 is inserted in the 

20 indented portion 51a is set to be smaller than a rotational angle 02 of the motor 30 
which is required for outputting all of the detection signals in the six different 
patterns. In FIG. 5, the positions denoted by the reference numerals 1 to 6 at the outer 
periphery of the lock holder 51 correspond to the output patterns 1 to 6 of the rotation 
sensor 21, respectively. For example, the rotation sensor 21 outputs the output pattern 

25 corresponding to the position at which the lock arm 52 is engaged with the engaging 
portion 52a. 

[0048] The play angle 01 between the engaging portion 52a of the lock 
arm 52 and the indented portion 51a is smaller than the angle 90 degrees between two 
of the protruding portions 51b-l to 51b-4 adjacent to each other by a thickness of one 
30 protruding portion and a thickness of the engaging portion 52a. In FIG. 5, the play 
angle 01 is approximately 70 degrees, and the rotational angle 02 is 90 degrees. In 
other words, the play angle 01 is set to be smaller than the rotational angle 02. 

[0049] By setting the play angle 01 in this manner, the rotation sensor 21 
can be prevented from outputting the same detection signal at different rotational 
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positions even if the motor 30 rotates due to the play between the lock arm 52 and the 
indented portion 51a when the lock mechanism 50 is engaged. 

[0050] For example, since there is play between the lock arm 52 and the 
indented portion 51a, the motor 30 can rotate with the engaging portion 52a being 
5 engaged with the indented portion 51a, which changes the rotational position of the 
rotating shaft 33. When the vehicle starts thereafter or on other occasions, the output 
of the rotation sensor 21 changes. However, since the rotation sensor 21 can be 
prevented from outputting the same detection signal at different rotational positions 
even if the motor 30 rotates, the rotational position of the rotating shaft 33 can be 

10 determined based on the output of the rotation sensor 21. Accordingly, continuity of 
the control can be maintained and steering can be controlled appropriately at the time 
of vehicle start or the like. 

[0051] Preferably, the play angle 01 is set to be smaller than a rotational 
angle 63 of the motor 30 which is required for outputting different detection signals in 

15 five output patterns, the number of which is smaller than the aforementioned six 
output patterns by one. 

[0052] When the play angle 01 is set in this manner, even if the lock 
holder 51 is fitted at an arbitrary rotational position of the rotating shaft 33 of the 
motor 30, the rotation sensor can be prevented from outputting the same detection 

20 signal at different rotational positions of the motor 30 when the lock mechanism 50 is 
engaged. For example, no matter which rotational position of the rotating shaft 33 the 
lock holder 51 is fitted at, the rotation sensor 21 is prevented from outputting the same 
detection signal at different rotational positions while the lock arm 52 is placed in the 
same indented portion 51a, even if the motor 30 rotates when the lock mechanism 50 

25 is engaged. Therefore, the rotational position of the rotating shaft 33 can be reliably 
detected based on the output of the rotation sensor 21 . As described above, after the 
lock holder is fitted at an arbitrary position, the data with respect to the positional 
relation between the lock holder 51 and the lock arm 52 is initialized, and it is 
determined which of the four indented portions 51a the lock arm 52 is placed in. 

30 Thus, since the lock holder 51 can be fitted at an arbitrary position, it becomes easy to 
fit the lock holder 51 on the rotating shaft 33. 

[0053] As the play angle 01 becomes larger, the lock mechanism 50 is 
engaged more reliably by inserting the lock arm 52 in the indented portion 51a. 
However, if the play angle 01 is larger than the rotational angle 02, the same detection 
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signal is output at different positions in the same indented portion 51a. In this case, 
since the rotational position of the rotating shaft 33 cannot be accurately detected, 
continuity of the control cannot be secured. Meanwhile, as the play angle 01 becomes 
smaller, the lock mechanism 50 is engaged less reliably by inserting the lock arm 52 
5 in the indented portion 51a. However, as the play angle 01 becomes smaller, the 
rotational position of the rotating shaft 33 can be detected more accurately. 
Therefore, continuity of the control can be secured. According to the aforementioned 
steering ratio changing device, since the play angle 01 is smaller than the rotational 
angle 02, the lock mechanism 50 can be reliably engaged by inserting the lock arm 52 
10 in the indented portion 51a, and also, the position of the motor can be detected 
accurately. 

[0054] As described above, according to the vehicle steering apparatus 1 
in the embodiment, the play angle 01 when the lock mechanism 50 is engaged by 
inserting the lock arm 52 as the engagement member in the indented portion 51a is set 

15 to be smaller than the rotational angle 02 of the motor 30 which is required for 

outputting all of a predetermined number of different detection signals. Therefore, the 
rotation sensor 21 can be prevented from outputting the same detection signal at 
different rotational positions even if the motor 30 rotates due to the play between the 
lock arm 52 and the indented portion 51a when the lock mechanism 50 is engaged. 

20 Accordingly, the rotational position of the rotating shaft 33 can be reliably detected, 
which makes it possible to control steering appropriately. 

[0055] Also, since the order of the detecting portion output patterns is 
determined as shown in FIG. 4, it can be determined where in the indented portion 
51a the lock arm 52 is placed. 

25 [0056] Also, the play angle 01 is smaller than the rotational angle 03 of 

the motor 30 which is required for outputting different detection signals, the number 
of which is smaller than the predetermined number by one. Therefore, even if the 
lock holder 51 is fitted at an arbitrary rotational position of the rotating shaft 33, the 
rotation sensor can be prevented from outputting the same detection signal at different 

30 rotational positions of the motor 30 when the lock mechanism 50 is engaged. 

Accordingly, it becomes easy to fit the lock holder 51 on the rotating shaft 33, which 
improves productivity of the vehicle steering apparatus. 

[0057] In the embodiment, the rotational angle 02 of the motor 30 which is 
required for outputting all of a predetermined number of detection signals is 90 
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degrees. If an opening angle 04 of the indented portion 51a of the lock holder 51 is 
90 degrees, the lock holder 51 needs to be fitted at a selected position. In other words, 
as shown in FIG. 6, the lock holder 5 1 needs to be fitted while aligning the position of 
the indented portion 51a with the position at which the detecting portion output 
5 patterns 1 to 6 are output. In other words, the lock holder 51 needs to be fitted such 
that the same output pattern is not output twice in the same indented portion 51a. If 
the lock holder 51 is fitted at an arbitrary position, the same output pattern 6 may be 
output at both ends of the indented portion 51a, as shown in FIG. 7. In order to 
prevent occurrence of such a phenomenon, the opening angle 64 needs to be reduced 

10 by an angle equivalent to one output pattern (i.e., 90 degrees/6). Thus, it becomes 

possible to fit the lock holder 51 at an arbitrary position by setting the opening angle 
94 of the indented portion 51a to be 75 degrees, as shown in FIG. 8. 

[0058] In the embodiment, there has been described the vehicle steering 
apparatus including the rotation sensor 21 which repeatedly outputs six different 

15 detection signals according to the rotation of the motor 30. However, the invention 
may be applied to a vehicle steering apparatus including a rotation sensor which 
repeatedly outputs a predetermined number of different detection signals, the 
predetermined number being a number other than six. In this case, it is preferable that 
the vehicle steering apparatus should include a rotation sensor which outputs a 

20 predetermined number of different detection signals, the predetermined number being 
three or more. In this case, the play angle 01 can be set to be large, the lock 
mechanism can be reliably engaged. 

[0059] Also, in the embodiment, basically, the lock holder 51 of the lock 
mechanism 50 integrally rotates with the rotor portion 25 of the rotation sensor 21. 

25 Therefore, the position of the lock arm 52 when the lock arm 52 is inserted in the 
indented portion 51a can be accurately determined based on the detecting portion 
output pattern. However, there is a possibility that the position of the lock holder 51 
of the lock mechanism 50 will be deviated from the position of the rotor portion 25 of 
the rotation sensor 21 due to some influence. In this case, it becomes possible again 

30 to accurately detect the positional relation between the lock holder 5 1 and the lock 

arm 52 by determining the state in which the lock arm 52 is engaged with the indented 
portion 51a or by determining the order of the detecting portion output patterns in the 
indented portion 51a. In the embodiment in FIG. 5, the order of the detecting portion 
output patterns in the indented portion 51a is 1, 2, 3, 4, 5, 6. In this case, it becomes 
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possible again to accurately detect the positional relation between the lock holder 51 
and the lock arm 52 by determining that the order of the detecting portion output 
patterns is, for example, 3, 4, 5, 6, 1, 2. 

[0060] Also, in the embodiment, the cycle of change in the detecting 
portion output pattern is 90 degrees. Therefore, the protruding portions 51b-l to 51b- 
4 are provided at intervals of 90 degrees. When the cycle of change in the detecting 
portion output pattern is 120 degrees, the protruding portions are provided at intervals 
of 120 degrees. When the cycle of change in the detecting portion output pattern is 
180 degrees, the protruding portions are provided at intervals of 180 degrees. Also, 
the protruding portions 51b-l to 51b-4 has a width that is larger than a width 
equivalent to the rotational angle (15 degrees in this embodiment) of the motor which 
is required for outputting each of the detection signals. 

[0061] While the invention has been described with reference to what are 
considered to be preferred embodiments thereof, it is to be understood that the 
invention is not limited to the disclosed embodiments or constructions. On the 
contrary, the invention is intended to cover various modifications and equivalent 
arrangements. In addition, while the various elements of the disclosed invention are 
shown in various combinations and configurations, which are exemplary, other 
combinations and configurations, including more, less or only a single element, are 
also within the spirit and scope of the invention. 



